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(54) Glass-fiber thermal Inkjet print head 

(57) A page-wide inkjet print head (500) is formed 
by assembling individual glass fiber tube sections (304), 
which are then sintered together drawn to thin or neck 
the diameter of the orifices (102), slicing the glass tube 
sections and depositing individual semiconductor con- 
trol circuits in or approximate to the top of the glass tube 


sections. Ink reservoirs can supply water-based ink that 
flows through the glass tube sections (304) but which is 
held in place by capillary action. Ink is ejected by heating 
a semiconductor resistive element (704) deposited into 
one open end of the tube section so as to cause the ink 
to be ejected onto a print medium. 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to ink jet printers. In par- 
ticular, this invention relates to a novel design and meth- 
od of manufacture of a thermal inkjet print head. 

BACKGROUND OF THE INVENTION 

[0002J Thermal inkjet printers have become ubiqui- 
tous. 

[0003] These printers typically use semiconductor- 
based print heads which have individually-controlled 
ink-ejecting printing elements that heat water-based 
inks to vaporization. Vaporizing the ink causes it to be 
propelled onto a print media through microscopic holes 
formed in a plate or shield. Thermal energy to vaporize 
ink is supplied from electric current driven through small 
thin film resistors that are in thermal contact with ink, 
which is otherwise held in place within the print head by 
capillary effect. 

[0004] Prior art thermal inkjet printers form images on 
print media by repeatedly passing a print head over the 
media. Small quantities of ink are "sprayed" onto the pa- 
per by turning on and turning off the thermal ink jet print- 
ing elements as the print head moves across the paper 
or print media. 

[0005] At least one problem associated with existing 
inkjet printers is the speed at which these printers can 
produce acceptable quality output levels. Because a fi- 
nite time is required for ink droplets to traverse the dis- 
tance between the media and the print head, there is an 
upper speed limit for the print head beyond which further 
speed increases are not possible. Instead of moving the 
print head across the media, a method and apparatus 
by which an entire line of a page might be printed at once 
could provide a significant overall printing speed in- 
crease. 

SUMMARY OF THE INVENTION 

[0006] A page-wide printer head formed from glass 
fiber nozzles onto which are deposited semiconductor 
heating elements, and current driving circuitry, can print 
an entire line of a single page at one time using thermal 
ink jet action. Narrow glass tube ink conduits are formed 
from hollow glass ftoers which are sintered together, 
drawn to constrict the diameters of the hollow fibers and 
then longitudinally sliced to provide an array of glass 
tube nozzle assemblies. By using semiconductor 
processing techniques, heater resistors and control cir- 
cuitry is form d onto the glass surfaces Th heat r re- 
sistors are deposited into the interior of the hollow glass 
fibers where they are used to heat liquid-based ink and 
ink components to vaporization. 

[0007] The current drive circuitry is comprised of tran- 
sistor-controlled silicon controlled rectifiers ("SCRs") 


deposited onto the print head. The SCRs drive current 
through the heater resistors deposited into the open 
ends of the glass fibers. Hundreds or even thousands 
of individual current drive circuits, each circuit being 

5 comprised of a pair of SCRs wired in a series fashion, 
are fired by a control pulses delivered to a control tran- 
sistor for each drive circuit. The current drive circuits of 
the SCRs are wired in a totem pole arrangement such 
that successive drive circuits are addressed by succes- 

*o sive pulses on only two control lines wired to all of the 
series-connected drive circuits. 
[0008] Predetermined individual SCRs are first 
latched "on" in sequence by a predetermined pulse in a 
synchronous train of pulses that are applied to the drive 

*5 circuits. Individual drive circuits can be turned on or left 
off, i.e. in the SCR's nonconducting state. A single power 
pulse delivered to ail of the drive circuits afterthe circuits 
are provided with the addressing pulse stream provides 
the electrical energy through the SCRs latched "on," to 

20 vaporize ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1 shows a top view of a single hollow 
glass fiber tube section. 

[0010] Figure 2 shows a side view of a hollow section 
of glass fiber tube. 

[0011] Figure 3 shows an isometric view of several 
hollow glass fiber tube sections after sintering, drawing 
and slicing. 

[0012] Figure 4 shows a simplified representation of 
a glass fiber, thermal inkjet print head in a cutaway view 
through several glass fiber tube sections coupled to an 
ink reservoir. 

[0013] Figure 5 shows a perspective view of a four 
color ink cartridge including four different ink reservoirs 
and four different print heads formed using sintered 
drawn and sliced glass fiber tubes. 
[0014] Figure 6 shows a cross sectional view of a sin- 
gle glass fiber tube section and the semiconductor com- 
ponents deposited at the outlet side of the tube from 
which ink is ejected. 

[0015] Figure 7 shows a cutaway section of one end 
of a glass fiber tube section of that shown in Figure 6 in 
greater detail. 

[0016] Figure 8 shows a simplified block diagram of 
the positioning of a sintered drawn and sliced glass 
printer head and a source of material used to form sem- 
iconductor materials in the ends of the sintered glass 
tubes. 

[0017] Figure 9 shows a simplified representation of 
how materials might be deposited into the interior por- 
tions of the tube sections using an apparatus such as 
that shown in Figure 8. 

[0016] Figure 1 0 shows a section of a glass substrate 
print head 

[001 9] Figure 1 1 shows how the several layers depos- 
ited into the interior of the glass tubes might appear after 
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manufacturing. 

[0020] Figures 12A - 12D show the progression of a 
droplet of ink as it is ejected from one of the glass tube 
sections. 

[0021] Figure 13 shows a schematic diagram of the 
control circuitry by which individual heater resistors are 
addressed sequentially. 

[0022] Figure 1 4 shows printer that might employ the 
glass print head disclosed herein. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] Glass fiber technology is well known. Figure 1 
shows a top view of an exemplary hollow glass fiber 1 00 
having an inner tubular section 102 formed by etching 
away a differently formulated glass material inside the 
glass annulus 104. By forming the glass fiber 1 00 with 
a first type of glass around a second type of glass, it is 
possible to chemically etch or dissolve the second glass 
from within the first glass thereby leaving a hollow glass 
tube through which liquids (including gases) can flow. 
[0024] Figure 2 shows a side view of a section of glass 
fiber 100 and the length or extension of the hollow por- 
tion 1 02 through the length of glass tube 202. 
[0025] Figure 3 shows an assembly of hollow glass 
tube sections 300 that is preferably formed by first bun- 
dling together several glass tube lengths, such as the 
length 202 shown in Figure 2. The bundled glass fibers 
are then heated to a temperature at which the glass tube 
sections are sintered together thereby forming a mono- 
lithic, honeycomb-like structure of numerous orifices of 
some diameter D. The sintered tube sections are pref- 
erably drawn so as to significantly neck or decrease the 
inside diameter D of each tube section 302. After sinter- 
ing and drawing, the tube sections are laterally sliced 
across a plane 304 to form a thin matrix of small-diam- 
eter glass tubes or capillaries 306 such as that shown 
in Figure 3B. The resulting diameter of each glass tube 
must be sufficiently small so as to hold liquid based ink 
and ink components within the tubes by capillary effect. 
The largest-permissible diameter of the tubes to accom- 
plish this will of course be affected by the composition 
and viscosity of the ink to be used. The diameter must 
also be sufficiently large so as provide a quantity of va- 
porized ink that will provide acceptable ink drop gain 
(drop spreading on the print media) without unduly large 
currents to heat unduly large ink volumes. 
[0026] In Figure 4, a section of a glass fiber print head 
400 and the included glass capillary sections 402 are 
shown coupled to an ink reservoir 408. As set forth 
above, the diameter of the ink capillaries is sufficiently 
small such that ink 408 in an ink reservoir 408 is retained 
by capillary action in the tubes yet can be expelled by 
thermal energy supplied by resistors 412 that are de- 
posited near the open ends of the tubes, using tech- 
niques described below. 

Semiconductor electronic control circuitry 412 deposit- 


ed on the glass print head 402 (not visible in Figure 4) 
enables individual heater resistors in individual capillar- 
ies to be individually addressed so as to precisely con- 
trol which capillaries have ink ejected from them. If the 
5 glass print head 402 extends across an entire page, 
printing a line of text on the page requires that ink be 
selectively ejected from some capillaries and not eject- 
ed from others so as to selectively deposit ink to form 
an image. An image or text can be formed one line at a 
10 time, across the entire page : by moving only the page 
being printed, i.e. without moving the print head 402. 
The spacing S between adjacent capillary tubes 406 in 
the preferred embodiment is typically small: center to 
center distance of adjacent nozzles are expected to be 
'5 10 to 200 microns, (20 microns is normal for a 1200 dpi 
design. A 150 to 1 500 dpi device is believed to be achiev- 
able with this design. The design can also be made so 
a specific address row could address every 5th to 15th 
nozzle (the exact skip rate to be determined by the ad- 
dressing circuit rate and the total print head length, and 
print head resolution in dpi). 

[0027] Figure 5 shows a simplified perspective draw- 
ing of a multi-color page-wide inkjet print cartridge 
formed to have four different colored ink reservoirs 502, 
504, 506 and 508 coupled to a single glass-fiber print 
head that includes four distinct print head assemblies. 
(At least one alternate embodiment would include using 
an assembly of four individual glass fiber structures 51 2, 
514 and 516.) Each reservoir holds a different color of 
ink. By separately controlling the ink deposition by the 
electrical signals applied to the glass fiber assemblies 
coupled to the respective colors, full-color, high-resolu- 
tion, page-wide printing is achievable. 
[0028] Each of the glass print head structures is com- 
prised of an assemblage of individual glass fiber tube 
sections, such as those shown in Figure 3, each of which 
has been sintered, drawn and sliced. After such 
processing, the individual glass fiber tube sections are 
subjected to further processing by which semiconductor 
manufacturing techniques are used to deposit thereon, 
heater resistors and control circuitry (not shown in Fig- 
ure 5) by which the individual orifices of the individual 
tubes can be separately addressed. 
[0029] As shown in Figure 5, each of the print head 
sections 510, 512, 514 and 516 has emanating from it, 
three leads or terminals, each set being identified by ref- 
erence numerals 518, 520, 522 and 524. Electrical sig- 
nals impressed upon the three terminal inputs, are used 
to control ink ejection from individual capillaries. 
[0030] Ink ejection on a tube-by-tube basis is accom- 
plished in the preferred embodiment by way of semicon- 
ductor current-latching circuits formed by depositing ap- 
propriate layers of semiconductor material into the inte- 
rior or face of one end of each of the glass tube sections. 
Each current latching circuit is separately addressed 
and controllable 

[0031] Figure 6 shows a simplified cross sectional 
view of one glass tube section 600. It can be seen in 
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Figure 6, that there is a first semiconductor layer 602 
followed by a series of other layers 604, 606 and 608. 
Each of the semiconductor layers is used to control the 
heating and ejection of liquid based ink and ink compo- 
nents. Those skilled in the semiconductor fabrication art 
will recognize that various layers are required to form 
even a passive device and that the layers might require 
masking and etching. At least one layer is a conductive 
layer carrying electrical signals to semiconductor devic- 
es fabricated within the interior of the glass tube section 
600 that is used to heat the used to heat liquid based 
ink and ink components to boiling. Layers 604, 606 and 
608 might be isolation layers as well as semiconductor 
layers used to develop resistances, each of which is 
used to form control circuitry and resistive heating ele- 
ments. The topology of the circuit formed on or in the 
glass tubes is shown in subsequent figures and de- 
scribed hereinafter. 

[0032] Figure 7shows an enlarged view of an inverted 
portion of a single glass tube section 700. Ink flows down 
(up as shown in the figure) the tube section in the direc- 
tion indicated by the arrow 702. Semiconductor layers, 
704 deposited on the interior portions of the tube 700 
form conductive traces, semiconductor layers, insulat- 
ing isolation layers and resistive layers used to address 
the semiconductor drive circuitry and to provide current 
to a heater resistor also formed within the tube section. 
Both the heater drive circuitry and heater resistors can 
be formed using well-known semiconductor processes. 
The current through the resistor heats the ink (normally 
held in place by capillary action) to boiling which causes 
the ink to be ejected in small droplets that land on the 
print media. As happens in prior art thermal ink jet print- 
ers, the droplets land on the print media and then dry to 
a solid state. 

[0033] Vacuum deposition techniques, evaporation 
and sputtering among others, are used to create semi- 
conductor circuit elements within the interior of the glass 
tube sections. A mechanism such as that shown in Fig- 
ure 8 can be used to deposit material into the actual in- 
terior sections of the tubes. A glass tube substrate (after 
sintering, drawing, sectioning and etching) 802 can be 
mounted onto a platen 804 that rotates at some prede- 
termined rate about an axis 806. A source of material 
808 to be deposited into the tubes is provided such that 
the trajectory of the ions or particles follow a trajectory 
at an angle of theta by which a small portion of material 
is deposited at or near the top of one end of the tube 
section such as that shown in Figure 9. The resultant 
deposition in the hollow tubes is typically an annular (an 
annulus) deposition of material although alternate em- 
bodiments would include crescent-shaped depositions. 
[0034] The tube section 900 shows an amount of ma- 
terial 902 deposited onto at least the upper and top in- 
terior sections of the glass tube 900. By appropriately 
masking interior annular sections of the glass tubes, it 
is possible to form a complete semiconductor device, 
such as an SCR, transistor and resistors, on the interior 


of the glass tube, small enough to allow the ink to con- 
tinue to flow through that individually controllable from 
external circuitry. 

[0035] Figure 10 shows a section of a substrate 
5 formed from sintered drawn glass fiber tubes the diam- 
eter of which is on the order of 20 micrometers. Each of 
the several tube orifices shown in Figure 10 might be 
used to carry ink of a particular color such that the failure 
of one orifice by clogging, or semiconductor failure 
10 would not adversely affect the print quality as adjacent 
tube sections would presumably continue to function. 
[0036] Figure 1 1 shows how the multiple layers might 
appear after deposition at the top of one section of the 
glass tube sections. Figure 1 2A shows the appearance 
*s of one of the tube sections prior to the ejection of an 
inkjet droplet. Figure 1 2B shows the formation of a bub- 
ble within the tube section by heating the water based 
ink under the control of semiconductors deposited into 
the interior of the tube 12B. Figure 12C shows the ejec- 
20 tion of the droplet and collapse of the air pocket until the 
tube is finally refilled as shown in Figure 12D. 
[0037] A problem with controlling the individual noz- 
zles of that structure shown in Figure 1 0, is that individ- 
ually addressed nozzle control circuitry would require 
25 hundreds or even thousands of different logical ad- 
dresses requiring accompanying address decoding log- 
ic. Such numerous connections make the device sus- 
ceptible to numerous failures. An alternate solution to 
this control problem is to individually address each of 
30 the nozzle heads byway of a totem pole series of current 
latching circuits, such as that shown in Figure 13. 
[0038] In Figure 13 three (3) individual control lines 
1302, 1304 and 1306 can be used to individually ad- 
dress an unlimited number of control circuits 1308, 
35 1310, 1312 and 1314 by means of synchronized pulsed 
trains impressed upon the P and S control lines 1304, 
1306 that are operatively coupled to (electrically con- 
nected in the preferred embodiment) to each of the con- 
trol circuits 1308, 1310, 1312 and 1314. 
40 [0039] Each of the control circuitry elements 
1308-1314 is comprised of two : series connected 
SCR's. One of the series-connected SCRs is fired by a 
control pulse delivered through a transistor 1316 to the 
gate terminal of a second of the two SCR's 1318 and 
1 320, causing both SCRs to turn on. An inherent char- 
acteristic of an SCR is that once it is triggered to the "on" 
state by positive voltages on the gate and anode, the 
SCR stays on until it is reverse biased or the voltage is 
removed from the anode. 
50 [0040] In Figure 13 a pulse applied to both the P and 
S lines synchronously, causes the first SCR 1 320 to for- 
ward conduct and to apply a voltage to the gate of the 
second SCR 1318. By maintaining a relatively small re- 
sidual bias voltage on the P line, both SCR's can be held 
55 in a forward biased "on M condition indefinitely. By mini- 
mizing this bias voltage, only a small amount of current 
flows through the heater resistor 1322, which is depos- 
ited into the interior portion of one of the annular sections 
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shown in the aforementioned figures. 
[0041 ] The first pulse applied to the P and S terminals 
acts only to turn on the first current switch circuit 1308 
(comprised of the two SCR's 1318 and 1320 and the 
transistor 1316.) The subsequent current switching 
stages are not affected because at the instance of the 
first pulse and throughout its duration no signal is avail- 
able at the gate of the first SCR 1324 of the second cur- 
rent latching circuit 1310. Similarly, because there is no 
potential available at the cathode of the SCR 1324 the 
second SCR 1326 of this second current latching circuit 
1310 can also not turn on. 

[0042] Once the first SCR current latch 1308 is turned 
on, another voltage pulse is applied to the gate 1328 of 
the SCR 1324 such that upon the application of another 
subsequent voltage pulse to the P terminal, SCR 1324 
will also turn on forward conducting and applying a volt- 
age to the cathode of the SCR 1326. If a pulse is simul- 
taneously applied at the S lead, transistor 1330 will also 
turn on causing the SCR 1 326 to forward conduct driving 
current through yet another heater resistor 1332. 
[0043] During the occurrence of the first two pulses, 
the third current switch stage 1312 remains deactivated 
because the gate of the SCR 1334 had no voltage ap- 
plied to it nor did the gate or cathode of the SCR 1336 
have any bias voltage applied thereto. 
[0044] On the application of a third synchronous pulse 
to both the P and S leads, the third current switch stage 
1312 also will turn on also driving a small amount of cur- 
rent through the third heater resistor 1338. 
[0045] In like fashion, subsequent stages of the totem 
pole arrangement shown in Figure 13 can be latched to 
an on state whereby the SCR's are put into a forward 
biased conducting state driving current through the 
heater resistors coupled to the cathode terminal of the 
second SCR stage of each current latch. The pulse train 
applied to the totem-pole connected current sources 
can be considered to a stream of addressing pulses in 
that the precise timing, duty cycle and frequency of the 
pulses can select which current driving circuit is latched 
on. After they are latched on, a small bias voltage can 
maintain the SCRs in the on state but if that bias voltage 
is kept relatively low, it will not produce currents through 
the heater resistors that is sufficiently large to vaporize 
ink in the capillary tubes where the resistors are depos- 
ited. 

[0046] By applying a large-amplitude voltage pulse to 
all of the SCRs, those in the on state will deliver signif- 
icant amounts of current to the heater resistors. Fluid in 
contact with the resistors will be vaporized and ejected 
from thecapillary tubes onto the print medium. The firing 
voltage and current might need to be one to two orders 
of magnitud greater than the control pulses. 
[0047] By appropriately selecting the pulse width and 
the frequency of the control pulses applied to the P and 
S lines, it is possible to individually address individual 
current latching circuits to either an on state or to remain 
in an off state. Distributed capacitance and inductance 


8 

existing between the various elements of each current 
latch will determine the time constant needed to be 
counted for in the frequency, duty cycle, and voltage lev- 
I of the pulse train used to address the individual stag- 
5 es. Once the stages are latched to an on state, the mag- 
nitude and duration can be determined from empirical 
data. 

[0048] By individually addressing the current switch 
stages 1 308, 1 31 0, 1 31 2 and 1 31 4 it is possible to indi- 

10 vidually address individual current latching circuits that 
could be formed into the interior regions or on the sur- 
faces of a glass substrate formed using the methods de- 
scribed above by sintering, drawing and slicing and 
thereaftervacuum depositing the SCR's, transistors and 

'5 heater resistors onto either the surfaces of the glass 
structure or into the interior portions of the nozzles them- 
selves. 

[0049] By using semiconductor manufacturing tech- 
niques, which are well known to those skilled in the art, 

20 the geometries involved in the glass print head structure 
readily would accommodate the formation of multiple 
SCR's, transistors and resistors within the orifices of the 
glass structures themselves. Deposition of P type and 
N type semiconductor material, which would be required 

25 to form the individual transistors, could be accomplished 
by sputtering, evaporation or gas deposition techniques . 
Dielectric layers which would be required between the 
various N and P type semiconductor layers could also 
be achieved by other gas deposition or sputtering. Ex- 

30 cess material might be etched away to form individual 
circuit traces by a reactive ion etch sputtering or gas 
etching using CF4. The structure shown in Figure 5 
might be used with either a face shooter or edge shooter 
print head design although the preferred embodiment of 

35 the invention contemplates use as a monolithic-type 
print head. 

[0050] Photolithographic masking techniques would 
also enable the precise positioning of circuit traces to * 
contact surfaces by which the lead lines 518, 520, 522 
40 and 524 of Figure 5 might be attached to connection ar- 
eas of the substrate for connection to appropriate con- 
trol circuitry controllers. 

[0051 ] By sequentially addressing each of the nozzles 
of the glass print head structure for use in a page wide 

^5 print head, it is possible to address hundreds or perhaps 
thousands of individual nozzle elements using only 
three control lines as shown in Figure 13. Alternative 
embodiments would of course include parallel and asyn- 
chronous serial addressing schemes but these might re- 

50 quire individual address lines and/or decoding circuitry 
in order to individually address and enable current driv- 
ing devices for each orifice. 

[0052] The preferr d embodiment of the glass print 
head structure is expected to be only 200 microns in 
55 thickness, fragile enough to require a carrier during the 
manufacturing process. The center to center spacing for 
adjacently placed drops could be 1 0 to 200 microns, but 
the edge to edge spacing is zero microns because the 


EP1 127 692 A2 


9 


EP1 127 692 A2 


10 


glass fibers are sintered together. The matrix does not 
need to be, (and probably will not b ) entirely open hon- 
eycomb pattern. Some fibers will be filled with the same 
type of glass as the outer sheath and so will remain filled 
after the etching process. Spacing between the individ- 
ual glass fiber orifices would be quite small, and likely 
less than one micrometer. 

[0053] By use of the foregoing glass fiber structure, 
and method of manufacturing and method of control, it 
is possible to realize a page wide print head structure 
that includes individually addressable print head ele- 
ments. A number of advantages might be realized by 
such a structure. Overall printing speeds might be sig- 
nificantly increased beyond that which is currently pos- 
sible using moveable print heads. Even if the sequential 
pulse trains required to address individual print head el- 
ements works slow, the increase in speed that would be 
achieved using a page wide print head would likely over- 
come any timing constraint imposed upon the sequen- 
tial addressing of the control circuits. 
[0054] The failure of one or even more individual print 
elements in a glass honeycomb print head could readily 
be compensated by increased firing rates of adjacent 
printing elements. Nozzle failure however is preferably 
compensated for by a duplicate nozzle array and circuit 
assembly of the same color. Fine resolution would also 
be achievable because of the close spacing of the glass 
fiber orifices. 

[0055] Figure 14 shows an exemplary printer 1400 
that might use the glass print head and control circuitry 
disclosed above. 

[0056] A series of rollers or platens 1402 rotates un- 
der the power of a platen motor 1404 so as to position 
a print media 1406 at a position below the print head 
1408 described above. As shown in Figure 14, the print 
head 1 408 is moveable with respect to the media 1406 
under the control of a carriage motor 1410 the rotation 
of which acts to wind and unwind a drive belt or cable 
1414 to which the print head 1408 is attached. Move- 
ment of the belt or cable 1414 acts to slide the print head 
1408 along a rod 1416 over which the print head 1408 
moves. 

[0057] Electrical control signals are delivered to the 
print head and the electronics thereon from the control 
circuitry 1412 described above through a flexible ribbon 
cable or equivalent 1418. The position controller 1420, 
which in the preferred embodiment is an appropriately 
programmed microprocessor, micro-controller, ASIC or 
equivalent, acts to move the platen motor 1404 and the 
carriage motor to position the print head 1408 at the 
proper location with respect to the media 1406. At least 
one alternate embodiment of the printer shown in Figure 
14 would be a fixed print head the dimensions of which 
would substantially cross the media 1 406 so that virtu- 
ally the entire page width might be printed. 
[0058] Additional advantages and combinations will 
be apparent and are within the scope of the appended 
claims. 


Claims 

1 . A print head for depositing ink and ink constituents 
on a print medium comprised of: 

s a. a plurality of substantially hollow, glass-fiber tube 
sections (1 00) joined together (304) so as to be sub- 
stantially parallel to each other, each glass fiber 
tube section having a first open end (305) capable 
of being coupled to an ink supply (408) and having 

10 a second open end (307) that includes a heating 
element (704) capable of heating liquid ink in said 
glass fiber tube sections so as to cause said ink in 
said glass fiber tube sections to be projected onto 
a print medium (1406). 

15 

2. The print head of claim 1 wherein said semiconduc- 
tor heating element is comprised of: 

a. at least one semiconductor device (704) de- 
2° posited on said glass fiber tube section; 

b. a resistive material (902) deposited on said 
glass fiber tube section proximate to the second 
open end (307). 

25 3. The print head of claim 1 wherein said semiconduc- 
tor heating element is comprised of: 

a. at least one semiconductor device deposited 
on an annular section of the interior surface of 

30 said glass fiber tube sections, proximate to the 

second open end (307); 

b. a resistive material deposited on at least a 
partial annulus (904) of the interior surface of 
said glass fiber tube section proximate to the 

35 second open end (307). 

4. The print head of claim 1 wherein said semiconduc- 
tor heating element is a transistor. 

40 5. The print head of claim 1 wherein said semiconduc- 
tor heating element is a silicon controlled rectifier. 

6. The print head of claim 3 wherein said semiconduc- 
tor heating element is a silicon controlled rectifier. 

45 

7. The print head of claim 1 wherein said semiconduc- 
tor heating element is comprised of a multi-layer 
semiconductor structure (704). 

so 8. The print head of claim 1 further comprised of an 
ink reservoir (408), operatively coupled to said first 
open end and from which liquid ink flows into said 
glass-fiber tub sections. 

55 9. A printer for depositing ink on a print medium com- 
prised of: 

a. a print head (500), said print head being com- 
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prised of: 

i. a plurality of substantially hollow, glass-fiber 
tube sections (510, 512, 514 516) joined to- 
gether so as to be substantially parallel to each 
other, ach glass fiber tube s ction having a 5 
first open end (305) capable of being coupl d 
to an ink supply and having a second open end 
(307) that includes a heating element capable 
of heating liquid ink in said glass fiber tube sec- 
tions so as to cause said ink in said glass fiber 10 
tube sections to be projected onto a print me- 
dium (1406); 

b. a print head carriage (1416) carrying said 
print head (1408); and 

c. a print head position controller (1420); 15 

d. an ink reservoir (502, 504, 506, 508) coupled 
to said print head. 

1 0. The printer of claim 9 further including a power sup- 
ply (1412) and electrical contacts (1418) for cou- 20 
pling electrical energy into said print head from said 
power supply. 

11. An ink jet print cartridge comprised of: 

25 

a. an ink reservoir (502, 504, 506, 508); 

b. a plurality of substantially hollow, glass-fiber 
tube sections (510, 512, 514, 516) joined to- 
gether so as to be substantially parallel to each 
other, a plurality of glass fiber tube sections 30 
having a first open end coupled to said ink res- 
ervoir and having a second open end that in- 
cludes a heating element capable of heating liq- 
uid ink in said glass fiber tube sections (304) so 

as to cause said ink in said glass fiber tube sec- 35 
tions to be projected onto a print medium 
(1406); 

c. connection nodes for electrically coupling 
said heating element to an electrical power sup- 
ply. 40 

12. A method of fabricating a print head from glass fib- 
ers comprising the steps of: 

a. sintering a plurality of tubular glass fiber sec- 45 
tions together, each tubular glass fiber section 
being comprised of a first type of glass and hav- 
ing substantially tubular section with a center 
axis and having an inside diameter D, said tu- 
bular section being filled with a second type of so 
glass; 

b. drawing said sintered bundle of glass fibers; 

c. re-sintering said drawn bundle of glass fib- 
ers; 

d. slicing a section of said re-sintered and 55 
drawn bundle of glass fibers; 

e. removing said second type of glass from 
within said tubular section; 


whereby after dissolving said second type of glass 
from within said tubular section there is formed a 
printer head substrate having multiple orifices 
formed by the removal of said second type of glass 
from within said tubular sections. 

13. The method of claim 10 wherein step b is further 
comprised of the step of: 

a. drawing said sintered bundle of glass fibers so 
as to decrease the diameter D. 

1 4. The method of claim 1 0 wherein said step of slicing 
a section of said re-sintered and drawn bundle of 
glass fibers is comprised of the step of slicing a sec- 
tion of said re-sintered and drawn bundle of glass 
fibers orthogonally to said center axis. 

1 5. The method of claim 1 0 wherein said step of remov- 
ing said second type of glass from within said tubu- 
lar section is comprised of the step of dissolving 
said second type of glass. 

1 6. The method of claim 1 0 wherein said step of remov- 
ing said second type of glass from within said tubu- 
lar section is comprised of etching said second type 
of glass. 

17. A controller for a print head comprised of: 

a. a series of multi-terminal latching current 
sources(1308, 1310, 1312, 1314) each current 
source having first, second and third inputs and 
first and second outputs said series of multi-ter- 
minal latching current source configured to 
have: 

1 ) the first current source (1 308) having its 
first and second inputs coupled to a first 
signal source (1302) and the third input 
coupled to a second signal source (1304), 
said first output of said first current source 
coupled to a heater resistor (1 322) for said 
print head; 

2) each of the other N-number of multi-ter- 
minal latching current sources coupled in 
series behind said first current source 
whereby the multi-terminal latching 
current source has its first input coupled to 
said first signal source (1302), its second 
input coupled to said second output of the 
N-1 st multi-terminal latching current source 
and the third input of the N th multi-terminal 
latching curr nt source coupled to said 
second signal source (1304), said first out- 
put of said N th current source being cou- 
pled to an N th heater resistor for said print 
head; 


13 EP 1 127 692 A2 

whereby said multi-terminal latching current sourc- 
es are sequ ntially latched to a conductive state by 
a sequence of synchronous voltage pulses on both 
said first and second signal sources. 
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